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Text S1. Re-Interpreting Prior Iron Speciation Analyses  
Our rock magnetic analyses provide an independent method for calculating magnetite 
abundance and checking the geochemical determinations of magnetite by the ammonium oxalate 
extraction—this is important for interpreting prior iron speciation results as the iron from the 
ammonium oxalate extraction is an important contributor implying ferruginous paleoredox for the 
lower Belt group.  As mentioned in the main text, magnetite abundance, calculated by comparing 
the sample’s saturation magnetization with that of pure magnetite [Klein et al., 2014], was 
determined for all samples in which magnetite was the predominant ferromagnetic mineral.  These 
samples, primarily located to in the eastern portions of Glacier National Park and Helena 
Embayment, contained 1-8 ppm magnetite (Table S5). Even once correcting by the stoichiometry 
of magnetite, our magnetite abundance calculations are very different than those determined by 
chemical extraction (the ammonium oxalate step of iron speciation).  Our results are one order of 
magnitude lower than the 0.06 to 0.17 wt% extracted iron from magnetite from disseminated 
pyritic drill core shales of the Black Butte Deposit and another order of magnitude below 0.10 to 
0.51 wt% iron from magnetite in the disseminated pyritic and sulfide zone drill core shales of the 
Soap Gulch Prospect [Lyons et al., 2000; Planavsky et al., 2011].  This is not unique to the Belt 
Supergroup as samples from the ~1.1 Ga Nonesuch Formation contained a similar disparity of one 
to three orders of magnitude when directly comparing magnetic and chemical quantification 
techniques [Slotznick et al., 2018].  Two explanations exist for this disparity: 1) The high ratio of 
paramagnetic minerals such as chlorite and illite to magnetite within the samples made hysteresis 
loop corrections and precise determination of saturation magnetization difficult (Fig. S3), or 2) 
iron sequential extraction by ammonium oxalate (after sodium acetate and dithionite extractions) 
dissolved other minerals such as iron carbonates in addition to magnetite within the sample [e.g. 
Algoe et al., 2012; Raiswell et al., 2011; Reinhard et al., 2009].  Although difficulty precisely 
determining the saturation magnetization may explain why calculated magnetite abundances show 
such a tight range, we do not believe the magnetic measurements are orders of magnitude off. 
Determining the cause for this disparity is important due to the relative amount of iron 
attributed to magnetite compared to the total iron in the sample; the iron from the ammonium 
oxalate extraction accounts 2 to 10% of the total iron in the Black Butte Deposit and 6 to 21% of 
the total iron in Soap Gulch samples.  The high percentage of iron from the ammonium oxalate 
extraction, especially for Soap Gulch samples, is an important contributor to the iron speciation 
data implying ferruginous paleoredox for the Newland Formation.   The Soap Gulch Prospect is 
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to the west of the pyrrhotite-siderite isograd (Fig. 1), and both siderite and pyrrhotite, targeted for 
extraction in the sodium acetate extraction for carbonates [Poulton and Canfield, 2005; Reuschel 
et al., 2012], may not completely dissolve and then are sequentially extracted with magnetite 
[Burton et al., 2006; Raiswell et al., 2011; Reinhard et al., 2009].  However, all samples from both 
cores were tested to have < 0.1 wt% pyrrhotite [Planavsky et al., 2011], suggesting pyrrhotite is 
not the reason for the high iron extracted by ammonium oxalate.  If iron is being extracted from 
silicate minerals instead of carbonate minerals, this would greatly affect calculations of highly-
reactive iron and thus the iron speciation proxy; additional fundamental studies on the mineralogy 
of the iron speciation extractions is needed for natural samples.  Based on the limited information 
described above, the ferruginous iron speciation result in the Soap Gulch samples may come from 
issues with the sequential extraction technique and unrecognized metamorphic overprints moving 
iron from the pyrite or silicate pool toward the highly-reactive pool.   
In the Black Butte Deposit samples, diagenetic carbonates appear to be the main 
contributor for the ferruginous paleoredox interpretation.  The Black Butte Deposit samples had a 
high percentage of iron extracted in the sodium acetate step (the carbonate pool) accounting for 
between 2 to 4% and 12 to 25% of the total iron in respectively pyrite-rich and pyrite-poor samples 
of the Black Butte Deposit and 2 to 16% of the total iron in Soap Gulch samples [Planavsky et al., 
2011].  As mentioned in the main text, microscale textural analyses (Fig. 2d-f) highlight that the 
iron-bearing carbonates appear to form as early or late diagenetic products, not in the water 
column.  Thus, the anoxic waters recorded by these minerals represent pore waters or even 
secondary fluids, not depositional water column redox conditions.   
Future work using the iron speciation paleoredox proxy would benefit from the detailed 
interpretation framework and analyses here.  For example, discussion and graphical presentation 
of the iron extracted at each step in the sequential extraction process, instead of simple use of the 
FeHR/FeT or Fepy/FeHR proxies, allows deeper understanding of the mineralogy leading to the 
paleoenvironmental signal.  This in turn opens space for microscale textural analyses, the simplest 
being optical microscopy, that attempt to understand the timing of these mineral phases.  
Additional techniques such as the rock magnetism used here can be useful for independently 
quantifying the proportion of various phases if there is reason to believe the sequential chemical 
extractions did not correctly extract targeted phases in the analyzed samples.  
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Figure S1: Photographs of the lower Belt Supergroup outcrops in the Helena Embayment and western Montana and 
Idaho.  See Slotznick et al. [2016] for images of lithologies from Glacier National Park.  A) Grey, finely laminated 
shale and siltstone with decimeter-scale hummocky cross-stratification and early carbonate concretions causing 
differential compaction in the Lower Chamberlain Formation, White Sulphur Springs.  Pen is 15 cm for scale.  B) 
Finely laminated grey shale and siltstone displaying ripple-cross stratification in the Upper Newland Formation, Unit 
5, White Sulphur Springs.  Pen is 15 cm for scale.  C) Interbedded black dolomitic shale displaying shaly parting and 
blocky carbonate-rich sandstone in Lower Newland Formation, Townsend.  People for scale.  D) Interbedded dark 
grey carbonate and shale beds showing meter-scale hummocky cross-stratification in the Upper Newland Formation, 
Unit 3, Townsend.  Rite-in-the-Rain notebook is 19 cm tall for scale.  E) Interbedded finely laminated dark grey 
siltstone-claystone and light grey sandstone showing decimeter-scale hummocky cross stratification and shaly parting 
in the Lower Greyson Formation, Townsend.  Note the individual red iron oxides from the surface weathering of iron 
sulfides.  Beds are steeply dipping in this location, with field up-direction noted by black arrow.  Pen is 15 cm for 
scale.  F) Thick planer bedded grey siltstone and claystone with reddish-orange surface-weathering varnish of the 
Prichard Formation, Unit F, Perma. Person in lower left for scale.  G) Even to wavy couplets of light grey very fine-
grained sandstone and dark grey siltstone and claystone showing blocky planar bedding and reddish-orange surface-
weathering varnish in the Prichard Formation, Upper Member, Libby.  Hammer (under chisel) is 33 cm for scale. H) 
Even couplets of grey very fine-grained sandstone and silt-claystone in blocky planar beds of the Prichard Formation, 
Unit C, Hope.  Hammer is 33 cm for scale. 
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Figure S2:  A-C) Coercivity of remanence spectra created from the derivative of the isothermal remanent magnetization (IRM) acquisition to the applied field (B) 
to determine ferromagnetic mineralogy [Heslop et al., 2002; Robertson and France, 1994].  The samples from the Prichard Formation (part A), Burke Formation 
(part A), and Helena Embayment Outcrop Samples (part B) are color-coded by location.  The Black Butte drill core samples (part C) are color-coded by disseminated 
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pyrite core in blue, sulfide zone core in green or red if the coercivity of remanence is changed by the unknown low-coercivity (alloy?) phase.  All sulfide zone drill-
core samples were shown to contain the unknown low-coercivity phase in hysteresis diagrams.  For data from Glacier National Park, see Slotznick et al. [2016] and 
eight of the spectra in part C were previously published in Slotznick et al. [2015].  D-F) Presence of rotational remanent magnetization (RRM) here shown as 
deviation from zero by BRRM to identify magnetic iron sulfides [Snowball, 1997; Thomson, 1990].  D) Samples with a strong RRM (BRRM > ±20 μT at 5 rps) contain 
pyrrhotite [Potter and Stephenson, 1986; Suzuki et al., 2006].  E) Samples with a moderate RRM may contain pyrrhotite.  F) Samples with no RRM (BRRM < ±3 
μT at 5 rps) do not contain pyrrhotite.  Samples are color-coded by region, although part F uses a different color-code.  Legend abbreviations used: Fm. —Formation, 
Trans. Mbr. —Transition Member, Ck. —Creek, Pt.—Point, C—Prichard Formation, Unit C, F—Prichard Formation Unit F, Chamb.—Chamberlain, Twn—
Townsend, U—Upper, L—lower, WSS—White Sulfur Springs, App. —Appekunny Formation (and following number is Member), Prich.—Prichard Formation, 
W GNP—west side of Glacier National Park.  If two samples have the same location and formation description, sample number is also shown.  
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Figure S3: Additional example MPMS measurements of room temperature saturation magnetization (RTSIRM) 
cooling and warming, low temperature saturation magnetization after cooling in a field (FC), and cooling in zero field 
(ZFC) for 8 out of the 21 lower Belt samples measured, spanning a variety of mineralogies.  Key for all plots is in part 
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A, and RTSIRM are scaled to right Y-axis while FC and ZFC are scaled to the left, Mag. = Magnetization.  A) 
Magnetite from the Verwey transition at 120K [Verwey, 1939] as well as a low-temperature ordering/blocking phase 
are present in T095-156, Newland Fm. (Fm.), Massive Sulfide Zone drill core, White Sulphur Springs.  B) Nano-
phase pyrrhotite dominates the magnetic signal with a sudden reversible transition in RTSIRM at 35K and nearly 
indistinguishable FC and ZFC below this transition [Aubourg and Pozzi, 2010] in sample T112-334, Newland Fm., 
disseminated sulfide drill core, White Sulphur Springs. A very small Verwey transition, i.e. a small amount of 
magnetite, is present as well.  C) Pyrrhotite showing classic Besnus transition at 32K [Besnus and Meyer, 1964; 
Rochette et al., 1990] is identified in GP12-8, Appekunny Fm., Member 4 or Prichard, west side of Glacier National 
Park.  D) Pyrrhotite mixed with goethite, identified by its exponential rise starting at 150K in FC >ZFC [e.g. Liu et 
al., 2006], and siderite, identified by transitions at its Néel temperature of 37K with FC>ZFC [Frederichs et al., 2003; 
Housen et al., 1996], were found in BS13-23, Prichard Fm., Unit C, Lightning Creek.  E) Magnetite is present as well 
as goethite and nano-phase pyrrhotite in BS13-9, Greyson Fm., White Sulphur Springs.  F) A complex but identifiable 
mixture of magnetite, goethite, pyrrhotite and potentially siderite are present in BS13-10, Newland Fm., Townsend.  
G) Goethite and siderite are present with superparamagnetic minerals (maybe nano-phase magnetite with rise in 
RTSIRM at ~100K) and a very small amount of magnetite in GP14-27A, Appekunny Fm., Member 5, west side of 
Glacier National Park.  H) Mixture of goethite, siderite, nanophase pyrrhotite, and very small amount of magnetite are 
identified in sample BS13-37, Prichard Fm., transition member, Libby. 
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Figure S4: Example hysteresis loops displaying the range of magnetic mineralogies identified by shape, coercivity, 
and field of saturation in the 63 samples measured [e.g. Roberts et al., 2006; Tauxe et al., 1996].  The raw data 
highlights the large proportion of paramagnetic minerals in the samples.  A) Pseudo-single-domain (PSD) magnetite 
in GP12-1 Appekunny Formation (Fm.), Member 2, east side of Glacier National Park.  B) PSD magnetite in T112-
334, Newland Fm., disseminated sulfide drill core, White Sulphur Springs.  C) PSD magnetite in BS13-37, Prichard 
Fm., Transition Member, Libby.  D) Pyrrhotite in GP12-8, Appekunny Fm., Member 4 or Prichard, west side of 
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Glacier National Park.  E) Pyrrhotite and magnetite mixture in GP14-6, Appekunny Fm., Member 4 or Prichard, west 
side of Glacier National Park.  F) Pyrrhotite with multi-domain (MD) magnetite in PP13-11, Prichard Fm., Unit F, 
25m from sill, Perma.  G) Hematite in GP14-8, Appekunny Fm., Member 1 Red, east side of Glacier National Park.  
H) Hematite and goethite in GP12-2A, Grinnell Fm., east side of Glacier National Park.  I) Hematite and magnetite 
mixture in BS13-6, Spokane Fm., White Sulphur Springs.  J) PSD magnetite and SD magnetite mixture, BS13-10, 
lower Newland Fm., Townsend.  K) MD magnetite in BS13-34, Burke Fm., Libby.  L) Unknown magnetic mineral, 
perhaps an alloy, with low coercivity but high saturation field in T095-156, Newland Fm., sulfide zone drill core, 
White Sulphur Springs. 
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Figure S5: End-member X-ray absorption near-
edge spectra (XANES) for samples of the 
Prichard Formation, Burke Formation, outcrop 
samples from the Helena Embayment, and red-
beds in Glacier National Park grouped based on 
mineralogy.  Note that there are 4 different types 
of sulfates found in the specimens based on 
slightly different spectra, and they may have 
distinct formation mechanisms; for example, 
sulfate 4 is only found in red-colored strata.  
Mineralogy abbreviations: CuPy–chalcopyrite, 
CuS + Py—copper disulfide (either chalcocite 
or chalcopyrite) mixed with pyrite, AsS—
arsenic disulfide, S—elemental sulfur, FerS—
ferric disulfide, Su1—sulfate 1, Su2—sulfate 2, 
Su3—sulfate 3, Su4—sulfate 4.  Location and 
sample abbreviations: App.—Appekunny 
Formation, Mbr—Member, WSS—White 
Sulphur Springs, -L—Lower Chamberlain 
Formation, -U—Upper Chamberlain 
Formation, T—Townsend, L—Libby, P—
Perma, LC—Lightning Creek, H—Hope, C—
Prichard Unit C, F—Prichard Unit F, 1.6—1.6 
m from sill, 25—25 m from sill, 171—171 m 
from sill, S—Sagle Point, Trans—Prichard 
Formation Transition Member.  For additional 
XANES endmember spectra from the rest of the 
Belt Basin that informed mineralogy in Table 
S2, see Slotznick et al. [2015] and Slotznick et 
al. [2016]. 
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Figure S6: High-energy X-ray fluorescence (XRF) maps displaying elemental abundances paired with scans of the 
corresponding thin section region in the Appekunny Formation on the east side of Glacier National Park.  Separate 
scale bar and element key for each image pair (black to brightly colored at maximum).  A) GP14-8, Member 1, Red.  
B) GP14-10, Member 1, Green.  C) GP14-11, Member 2.  D) GP14-35, Member 3.  E) GP14-34, Member 3.  F) GP14-
29, Member 4.  G) GP14-30, Member 4.  H) GP14-33, Member 5.  I) GP14-32, Member 5.  A, B, D, G, H were used 
for elemental abundance quantification in Table S4.  See Slotznick et al. [2016] for XRF map of GP12-1, Member 2 
and sample details.   
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Figure S7: High-energy X-ray fluorescence (XRF) maps displaying elemental abundances paired with scans of the 
corresponding thick or thin section region in the Appekunny Formation on the west side of Glacier National Park and 
the Grinnell Formation on the east side of Glacier National Park.  Separate scale bar and element key for each image 
pair (black to brightly colored at maximum).  A) GP14-6, Prichard or Member 4, West Mt. Brown.  B) GP14-55, 
Member 4, East Mt. Brown.  C) GP14-1, Member 4, East Mt. Brown.  D) GP14-28, Member 5, McDonald Creek.  E) 
GP14-4, Member 5, East Mt. Brown.  F) GP14-54, Member 5, East Mt. Brown.  G) GP14-27, Member 5, McDonald 
Creek.  H) GP12-3, Grinnell Formation.  I) GP12-2, Grinnell Formation.  B, D, F, I were used for elemental abundance 
quantification in Table S4.  See Slotznick et al. [2016] for XRF map of GP12-8, Prichard or Appekunny Member 4 
and sample details.  
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Figure S8: High-energy X-ray fluorescence (XRF) maps displaying elemental abundances paired with scans of the 
corresponding thin or thick section region in the samples from the Helena Embayment.  Separate scale bar and element 
key for each image pair (black to brightly colored at maximum).  Images for Black Butte drill core samples are 
brightened to highlight subtle sedimentary features.  A) BS13-2, Chamberlain Formation, White Sulphur Springs.  B) 
T095-53, Newland Formation, Disseminated Pyrite Core, White Sulphur Springs.  C) T095-140.36, Newland 
Formation, Sulfide Zone Core, White Sulphur Springs.  D) T112-384, Newland Formation, Disseminated Pyrite Core, 
White Sulphur Springs.  E) BS13-13, Greyson Formation, Townsend.  F) BS13-8, Spokane Formation, White Sulphur 
Springs.  G) BS13-6, Spokane Formation, White Sulphur Springs.  All except F were used for elemental abundance 
quantification in Table S4.   
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Figure S9:  High-energy X-ray fluorescence (XRF) maps displaying elemental abundances paired with scans of the 
corresponding thick section region in the Prichard Formation.  Separate scale bar and element key for each image pair 
(black to brightly colored at maximum).  A) BS13-37, Transition Member, Libby.  B) BS13-31, Unit C, Hope.  C) 
BS13-29, Unit F, Sagle Point.  D) PP13-13, Unit F, 171 m away from sill, Perma.  E) PP13-11, Unit F, 25 m away 
from sill, Perma.  F) PP13-6, Unit F, 1.6 m away from sill, Perma.  All were used for elemental abundance 
quantification in Table S4.   
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Figure S10: Detailed textural analysis of sample BS13-2, Lower Chamberlain Formation, White Sulphur Springs 
reveals euhedral base-metal sulfide grains; the galena grains potentially formed from a larger recrystallized sulfide 
grain based on texture. Additionally, a recrystallized or secondary barite grain is found. A) Image of thick section with 
box showing region displayed in parts B-D.  B) Backscatter electron image. C) Energy dispersive X-ray spectroscopy 
(EDS) map. D) Multiple energy X-ray fluorescence (XRF) map at sulfur energies fitted with end-member X-ray 
absorption near-edge spectra (XANES) shown in Figure S5.   
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Figure S11: Detailed textural analysis of sample GP12-1, Appekunny Formation, Member 2, east side of Glacier 
National Park reveals scattered background magnetic dipoles and pyrite surrounded by goethite, interpreted to be 
surface weathering replacement of euhedral recrystallized sulfide nodules.   Iron sulfates and barite also occur in the 
goethite rim and barite occurs as separate grains, interpreted to be authigenic replacements (not detrital or water 
column) from post-depositional oxidizing fluids or more likely, diagenesis in pore fluids. A) Image of thin section.  
B) Ultrahigh resolution scanning SQuID microscope (UHRSSM) image.  C) Reflected light microscopy with inset 
highlighting goethite rim around pyrite.  D) EDS Map.  E) Multiple energy XRF map at sulfur energies fitted with 
displayed end-member XANES (spectra previously published in [Slotznick et al., 2016]).  F) Multiple energy XRF 
map at iron energies fitted to displayed end-member XANES.  G) Electron probe micro-analyzer (EPMA) point 
mineral identifications on backscatter electron image (see Table S3 for detailed formulas).  H) Electron backscatter 
diffraction (EBSD) point mineral identifications on backscatter electron image with diffraction pattern and standard 
match of select point shown.   
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Figure S12:  Detailed textural analysis of sample GP14-32, Appekunny Formation Member 5, east side of Glacier 
National Park reveals scattered background magnetic dipoles and euhedral sulfide nodules composed of multiple 
phases—pyrite, chalcopyrite, and sphalerite. A) Image of thin section with box showing region displayed in parts C 
and E.  B) UHRSSM image.  C) Reflected light microscopy with box showing region in parts D and F.  D) Reflected 
light microscopy.  E) Multiple energy XRF map at sulfur energies fitted with displayed end-member XANES spectra 
(previously published in [Slotznick et al., 2016]). F) EDS map.  
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Figure S13:  Additional textural analyses of sample GP12-8, Appekunny Formation Member 4 or Prichard Formation, 
west side of Glacier National Park highlight that the pyrrhotite nodules are magnetic.  A) Image of thin section with 
box showing region displayed in Figure 3.  B) UHRSSM image. C) End-member XANES at sulfur energies to which 
Figure 3c was fit.  D) End-member XANES at iron energies to which Figure 3d was fit. XANES spectra previously 
published in Slotznick et al. [2016]. E) Example EBSD patterns and standard match from the ones used to identify 
points shown in Figure 3e.   
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Figure S14: Detailed textural analysis of sample GP14-6, Appekunny Formation Member 4 or Prichard Formation, 
west side of Glacier National Park displays strong magnetic dipoles concentrated to certain laminae surrounding large 
secondary euhedral pyrite nodules which contain small domains of chalcopyrite and sphalerite.  Pyrrhotite is located 
in small neighboring grains.  A) Image of thin section with box showing region displayed in parts C-E.  B) UHRSSM 
image.  C) Reflected light microscopy. D) EDS map. E) Multiple energy XRF map at sulfur energies fitted with 
displayed end-member XANES spectra (previously published in [Slotznick et al., 2016]).  Due to limitations in the 
mapping software, chalcopyrite and pyrrhotite are fit together even through the pyrrhotite spectra was used for 
analysis.  Additional end-member XANES spectra are included for chalcopyrite and a second sulfate mineral to show 
their presence in the sample.  
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Figure S15: Detailed textural analysis of sample of GP14-27, Appekunny Formation Member 5, west side of Glacier 
National Park displays strong magnetic dipoles near recrystallized pyrite nodules suggesting the goethite detected in 
magnetic measurements is localized and from surface weathering.  Sulfide minerals include chalcopyrite, sphalerite, 
and pyrite; chalcopyrite occurs in large distinct nodules while the sphalerite and pyrite are recrystallized remnants of 
a former nodule within a calcite and chlorite rim with neighboring Fe-rich dolomite.  A) Image of thin section with 
boxes showing numbered regions 1, 2, 3 displayed in parts C-E, parts F-H, and Figure 2d respectively.  B) UHRSSM 
image.  C) Backscatter electron image of Region 1.  D) EDS map of Region 1.  E) Multiple energy XRF map at sulfur 
energies of Region 1.  F) Reflected light microscopy of Region 2.  G) EDS map of Region 2.  H) Multiple energy XRF 
map at sulfur energies of Region 2.  E and H fitted with the same end-member XANES which are displayed to their 
left and were previously published in [Slotznick et al., 2016].) 
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Figure S16: Detailed textural analysis of sample of BS13-37, Prichard Formation, Transition Member, Libby displays 
weathered pits from iron sulfides with mixed nodules of pyrite, chalcopyrite, and calcium sulfate remaining.  
Background magnetic dipoles concentrated near the pits could predominantly be surface-weathering goethite 
identified using other magnetic techniques.  Large FeTiMn oxide grains such as are shown in Fig. 2c could produce 
the stronger dipole noted in the same area.  A) Image of thick section with boxes showing regions displayed in parts 
C-E and Fig. 2c.  B) UHRSSM image.  C) Backscatter electron image of weathering iron sulfide.  D) EDS map.  E) 
Multiple energy XRF map at sulfur energies fitted with the end-member XANES shown in Figure S5.    
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Figure S17: Detailed textural analysis of samples PP13-11 and BS13-39.  Analyses of PP13-1, Prichard Formation, 
Unit F, 25m from sill, Perma reveal large secondary pyrite and pyrrhotite nodules that contain small domains of 
chalcopyrite. A) Image of thick section with box showing region displayed in parts B-D.  B) Backscatter electron 
image.  C) EDS map.  D) Multiple energy XRF map at sulfur energies fitted with end-member XANES shown in 
Figure S5.  Analyses of BS13-39, Prichard Formation, Upper Member, Libby reveal a large secondary pyrite nodule 
with small domains of chalcopyrite rimmed by elemental sulfur and iron titanium oxides.  Discrete grains of 
chalcopyrite are also present along with euhedral grains of iron titanium oxides and epidote.  E) Image of thick section 
with box showing region displayed in parts F-G with example epidote (Ep) and the iron titantium oxide (FeTiO) grains 
identified with arrows.  F) Backscatter electron image.  G) EDS map.  H) Multiple energy XRF map at sulfur energies 
fitted with end-member XANES shown in Figure S5.  
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Figure S18: Detailed textural analysis of sample of BS13-31, Prichard Formation, Unit F, Hope displays weathered 
pits from iron sulfides with mixed nodules of pyrite, chalcocite, and chalcopyrite remaining.  Iron titanium oxide 
(FeTiO) occurs within this sample in small and large secondary euhedral grains; background magnetic dipoles appear 
concentrated in certain regions, but not specifically on weathered sulfide pits.  A) Image of thick section with boxes 
showing numbered regions displayed in parts C-E and parts F-H.  B) UHRSSM image.  C) Backscatter electron image 
of Region 1.  D) EDS map of Region 1.  E) Multiple energy XRF map at sulfur energies of Region 1.  E and H fitted 
with the same end-member XANES shown in Figure S5.  Based on EDS, the chalcopyrite (CuPy) may actually be 
chalcocite in region 1 and there is some hint of that seen in the XANES spectra (CuS + Py) which was not used for 
fitting.  F) Backscatter electron image of Region 2 with boxed region of part I-J.  G) EDS map of Region 2.  H) 
Multiple energy XRF map at sulfur energies of Region 2.  Note that apatite (Ap) is included with chalcopyrite (CuPy) 
on the XRF maps due to limitations of the fitting program.  I) Zoomed backscatter electron image of sulfide nodule in 
Region 2 with chalcopyrite and FeTiO pointed out with arrows.  J) Zoomed EDS of sulfide nodule in Region 2.     
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Figure S19.  Macroscopic and microscopic textures in Newland Formation samples from the Black Butte Deposit drill 
core highlighting early diagenetic formation of pyrite and sulfates.  A) SC11-095, 140.39 displays differential 
compaction of dolomitic shale layers around early pyrite nodules. B) SC11-095, 388.26 also shows differential 
compaction of dolomitic shale around early pyrite nodules and laminae.  C) SC11-095, 400.83 displays a debris flow 
clast made of pyrite.  D) SC11-095, 61.27 displays differential compaction of dolomitic shale laminae around early 
diagenetic barite laths with secondary intergrown sub-parallel iron sulfides.  E) The reflected light image of T029-76 
(SC11-029, 76.34 m) displays broken detrital early iron sulfide tubes.  F) The backscatter electron image of T095-53 
(SC11-095, 53.52 m) shows fine-grained recrystallized pyrite framboids.  
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Table S1: Detailed Sample Data for Belt Supergroup Samples* 
Sample  Drill Core Depth GPS Location Location† Formation Stratigraphic  Lithology 
   Lat (°N) Long (°W)   Details  
BS13-2 -- -- 46.88778 110.68635 WSS Chamberlain Lower (below 
carbonates) 
Grey shale, near carbonate concretions, lenses of sand to 
pebble-sized siliciclastics, and rare mud cracks 
BS13-1 -- -- 46.91387 110.65591 WSS Chamberlain Upper       
(carbonate-rich) 
Massive black dolomitic shale, interbedded with lenses of molar 
tooth and carbonate clasts 
T029-61.08 SC11-029 61.07-61.09 46.78189 110.91287 WSS Newland Lower Newland right 
above USZ 
Early diagenetic barite laths with differential compaction of 
laminated black and grey dolomitic shale with intergrown 
subparallel iron sulfide blebs 
T029-76 SC11-029 76.36-76.37 46.78189 110.91287 WSS Newland Lower Newland in 
USZ 
Multiple generations of iron sulfides with early unfilled circular 
tube network of iron sulfides <1mm in diameter and broken 
tubes in larger massive sulfide zone 
T095-63 SC11-095 63.42-63.50 46.77910 110.92575 WSS Newland Upper Newland far 
from USZ 
Early diagenetic fine-grained iron sulfide laminae showing 
differential compaction in laminated black and grey dolomitic 
shale 
T095-140.08 SC11-095 140.045-140.115 46.77910 110.92575 WSS Newland Upper Newland SZ Early diagenetic wrinkly iron sulfide laminations within dolomitic 
shale 
T095-388.26 SC11-095 388.24-388.305 46.77910 110.92575 WSS Newland Lower Newland SZ Early diagenetic wrinkly iron sulfide laminations including broken 
tubes and recrystallized framboids showing differential 
compaction of laminated dolomitic shale in larger massive 
sulfide zone 
T095-388.70 SC11-095 388.70-388.73 46.77910 110.92575 WSS Newland Lower Newland SZ Dolomitic shale breccia/debris flow clasts in predominantly iron 
sulfide matrix including early diagenetic iron sulfide broken 
tubes and framboids 
T095-390 SC11-095 390.165-390.20 46.77910 110.92575 WSS Newland Lower Newland SZ Early diagenetic fine-grained iron sulfides and recrystallized 
framboid laminae in dolomitic shale with broken iron sulfide 
tubes in massive sulfide zone 
T095-400 SC11-095 400.795-400.87 46.77910 110.92575 WSS Newland Lower Newland right 
above USZ 
Debris flow clasts of early diagenetic whole (<1mm) and broken 
iron sulfide tubes in dolomitic shale 
T095-408 SC11-095 408.89-409.00 46.77910 110.92575 WSS Newland Lower Newland in 
the USZ 
Multiple generations of cross-cutting sulfides (up to 1 mm blebs) 
including <1mm tube structures in heavily recrystallized 
dolomite and shale within larger massive sulfide zone 
T095-410 SC11-095 410.08 - 410.11 46.77910 110.92575 WSS Newland Lower Newland in 
the USZ 
Multiple generations of sulfides including 1-4mm tube structures 
infilled by heavily recrystallized dolomite and shale within 
larger massive sulfide zone 
T100-407 SC12-100 407.75-407.8 46.78085 110.90605 WSS Newland Lower Newland right 
above LSZ 
Secondary dolomite alteration with large (>1cm) crystals with 
cross-cutting secondary sulfides in laminated dolomitic shale 
with fine-grained iron sulfides 
T101-392 SC12-101 392.125-392.15 46.78143 110.90588 WSS Newland Lower Newland in 
LSZ 
Multiple generations of cross-cutting sulfides (up to 2 mm blebs) 
and large dolomite crystals (>1cm) in heavily recrystallized 
dolomite and shale within larger massive sulfide zone 
T112-345 SC12-112 345.13-345.15 46.78098 110.89963 WSS Newland Lower Newland in 
VVF Shear Zone 
Black and grey laminated shale with disseminated iron sulfides 
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Table S1 (Continued) 
Sample Drill Core Depth GPS Location Location† Formation Stratigraphic  Lithology    Lat (°N) Long (°W)   Details  
BS13-3 -- -- 46.74519 110.99410 WSS Newland Upper Newland, Unit 
5† 
Orange and white sandy siltstone with even microlaminae, near 
ripple cross-stratification 
BS13-9 -- -- 46.65250 110.90630 WSS Greyson Upper Grey siltstone and claystone in microlaminae and couplets with 
hummocky beds, gutters, and shaly parting 
BS13-6 -- -- 46.63475 110.93685 WSS Spokane 
 
Red evenly laminated interbedded siltstone and claystone with 
secondary (subparallel) green and orange coloration and mud 
cracks 
BS13-8 -- -- 46.63497 110.93651 WSS Spokane 
 
Red evenly laminated siltstone and claystone with minor orange 
subparallel coloration, near green mudchips 
BS13-10 -- -- 46.35829 111.12573 Townsend Newland Lower Black dolomitic shale with faint laminations and microlenses of 
carbonate, near cross stratification and oolites 
BS13-13 -- -- 46.32876 111.27402 Townsend Greyson Lower Dark grey siltstone and light grey sandstone interbedded with 
hummocky beds and shaly parting 
PP13-6 -- -- 47.36050 114.56292 Perma Prichard Unit F, 1.6m from sill Grey claystone with faint laminations and weathered iron 
minerals and planar bedding 
PP13-11 -- -- 47.3603# 114.5624# Perma Prichard Unit F, 25m from sill Grey siltstone and claystone in even microlaminae with large 
secondary iron sulfide aggregates (>1mm), planar bedding 
PP13-13 -- -- 47.35963 114.56079 Perma Prichard Unit F, 171m from 
sill 
Grey siltstone with faint laminations with coarse secondary 
mineralization (biotite?) sometimes rimming medium-sized 
iron sulfides (<0.5 mm), planar bedding 
BS13-39 -- -- 48.54377 115.20847 Libby Prichard Upper Member Light grey very fine-grained sandstone with wavy lamination, thin 
oxidized laminae, and large (>1mm) partly oxidized iron 
sulfides 
BS13-37 -- -- 48.48608 115.26403 Libby Prichard Transition Member Dark grey siltstone with faint lamination and oxidized medium 
(<1mm) iron sulfides 
BS13-34 -- -- 48.44957 115.29385 Libby Burke 
 
Green siltstone and claystone in even couplets with large biotite 
(1mm) and euhedral magnetite crystals 
BS13-16 -- -- 48.19321 116.15716 Lightning 
Ck 
Prichard Unit F Mottled purple and green siltstone with wavy laminations and 
weathered out iron minerals 
BS13-23 -- -- 48.37509 116.19399 Lightning 
Ck 
Prichard Unit C Grey fine grained sandstone with planar bedding 
BS13-31 -- -- 48.25364 116.31812 Hope Prichard Unit C Grey very fine-grained sandstone with medium weathering iron 
sulfides (<.5mm), planar bedding 
BS13-29 -- -- 48.18188 116.39135 Sagle Pt Prichard Unit F Black siltstone with very large (>2mm) secondary iron sulfide 
aggregates and localized alteration 
*See Table A1 in Slotznick et al. [2016] for details on the 20 samples from Glacier National Park and Table 1 in Slotznick et al. [2015] for details on 11 additional samples from Black Butte drill cores 
†Abbreviations: WSS= White Sulphur Springs, Ck= Creek, Pt = Point 
§Zieg et al. (2015) for stratigraphic nomenclature 
#Not taken in field, from Google Earth and other PP13 GPS points 
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Table S2: Mineralogy of Samples from the Belt Supergroup 
 Location* Formation Details* Bulk Rock Magnetic Techniques†§# 
Mag Hem Goe Pyr NP Sid Alloy 
GNP-East Appekunny 
Mbr 1 (R)   X X   --     
Mbr 1 (G) X   X   X     
Mbr 2 X   X   X     
Mbr 3 X   X   X     
Mbr 4 X X X   X     
Mbr 5 X       X     
Grinnell     X X   --     
GNP-West 
Prichard or Mbr 4 X     X       
Appekunny Mbr 4 X X X X       Mbr 5 X   X     X   
White 
Sulphur 
Springs 
Chamberlain   X       X     
Newland 
Outcrop X X X   --     
Diss. Core X   X   X     
SZ Core X           X 
Greyson   X   X   X     
Spokane   X X     --     
Townsend Newland   X X X X   X   Greyson   X X X   --     
Perma Prichard 
Unit F, 171m  X         X   
Unit F, 25m  X     X   --   
Unit F, 1.6m  X X   ? -- ?   
Libby Prichard 
  X   X X   --   
Transition Mbr X X X   X X   
Burke   X     ? -- ?   
Lightning 
Creek Prichard 
Unit C X   X X   X   
Unit F X X   X   --   
Hope Prichard Unit C X     X   --   
Sagle Pt Prichard Unit F X   X X   X   
*Abbreviations: GNP = Glacier National Park, Pt = Point, Mbr = Member, (R) = Red in color, (G) = Green in color, Diss. = 
Disseminated Iron Sulfides, SZ = Massive Sulfide Zone (not necessarily of economic interest) 
†Abbreviations for Minerals: Mag = Magnetite, Hem = Hematite, Goe = Goethite, Pyr = Pyrrhotite, NP = nanophase pyrrhotite, 
Sid = siderite 
§ X indicates presence of mineral, -- indicates sample was not analyzed on Magnetic Property Measurement System (MPMS) 
to determine if siderite or nanophase pyrrhotite were present, ? indicates within moderate Rotational Remanent Magnetization 
(RRM) but no additional analyses to distinguish between pyrrhotite and siderite 
#Bulk Magnetic techniques for mineral identification included Coercivity spectra (Figure S3), RRM (Figure S3), MPMS (Figure 
S4), and Hysteresis loops (Figure S5) 
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Table S2 (Continued) 
Location* Formation Details* Textural Techniques†§# 
Py Pyr CuPy Gal Sph NiFeS CoAsS CuS AgS FerS Bar Su-S 
GNP-East 
Appekunny 
Mbr 1 (R)                     X   
Mbr 1 (G) X   X   X           X X 
Mbr 2 X                   X   
Mbr 3 X                   X X 
Mbr 4 X       X           X X 
Mbr 5 X   X X X               
Grinnell                         X 
GNP-West 
Prichard or Mbr 4 X X X   X X           X 
Appekunny 
Mbr 4 X X X X X   X X     X X 
Mbr 5 X   X   X               
White 
Sulphur 
Springs 
Chamberlain   X   X X             X   
Newland 
Outcrop X   X             X   X 
Diss. Core X   X         X X     X 
SZ Core X   X X X         X X X 
Greyson   X       X             X 
Spokane                         X 
Townsend 
Newland   X       X             X 
Greyson   X       X             X 
Perma Prichard 
Unit F, 171m  X                     X 
Unit F, 25m  X X X       X         X 
Unit F, 1.6m  X           X         X 
Libby 
Prichard 
  X   X X X           X X 
Transition Mbr X   X   X     X       X 
Burke   ?  ?      X             X 
Lightning 
Creek Prichard 
Unit C   ?  ?   X             X 
Unit F                         
Hope Prichard Unit C X   X         X       X 
Sagle Pt Prichard Unit F X     X               X 
*Abbreviations: GNP = Glacier National Park, Pt = Point, Mbr = Member, (R) = Red in color, (G) = Green in color, Diss. = Disseminated Iron Sulfides, SZ 
= Massive Sulfide Zone (not necessarily of economic interest) 
†Abbreviations for Minerals: Py = Pyrite, Pyr = Pyrrhotite, CuPy = Chalcopyrite, Gal = Galena, Sph = Sphalerite, NiFeS = Nickel Iron Sulfide, CoAsS = 
Cobaly Arsenic Sulfide, CuS = Copper Sulfide, AgS = Silver Sulfide, FerS = Ferric Disulfide, Bar = Barite, Su-S = Sulfate and/or Elemental Sulfur 
§ X indicates presence of mineral.  Note that due to the nature of textural techniques, lack of an X does not necessarily mean absence of the mineral. ? 
indicates uncertainty in identification, either due to lack of structural information or lack of chemical information to provide confirmation. 
#Textural techniques include X-ray absorption near-edge spectroscopy (XANES, Figure S6), X-ray Energy Dispersive Spectroscopy (EDS), Electron 
Back Scatter Diffraction (EBSD), and the Electron Probe Micro-Analyzer (EPMA, Table S3) 
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Table S2 (Continued) 
Location* Formation Details*  Textural Techniques†§# 
FeCrO FeO Fe(Mn)TiO TiO Fe-Dol Chl Ill-Bio FeCaAlSiO 
GNP-East 
Appekunny 
Mbr 1 (R)   X  X    X     
Mbr 1 (G)   X   X   X X   
Mbr 2   X    X    X   
Mbr 3       X X X X   
Mbr 4   X   X   X X   
Mbr 5       X         
Grinnell     X  X X         
GNP-West 
Prichard or Mbr 4   X   X   X X   
Appekunny 
Mbr 4   X   X   X     
Mbr 5       X X X X   
White 
Sulphur 
Springs 
Chamberlain   X     X   X     
Newland 
Outcrop                
Diss. Core       X X X X   
SZ Core       X X X X   
Greyson                  
Spokane                  
Townsend 
Newland     X   X X X X   
Greyson                  
Perma Prichard 
Unit F, 171m                 
Unit F, 25m      X X         
Unit F, 1.6m      X    X X   
Libby 
Prichard 
    X X    X X X 
Transition Mbr     X    X X   
Burke     X  X   X X X 
Lightning 
Creek Prichard 
Unit C   X X    X X X 
Unit F                
Hope Prichard Unit C     X X   X X   
Sagle Pt Prichard Unit F       X   X     
*Abbreviations: GNP = Glacier National Park, Pt = Point, Mbr = Member, (R) = Red in color, (G) = Green in color, Diss. = Disseminated Iron 
Sulfides, SZ = Massive Sulfide Zone (not necessarily of economic interest) 
†Abbreviations for Minerals: FeCrO = Iron Chromium Oxide, FeO = Iron Oxide, Fe(Mn)TiO = Iron Titanium Oxide with a few wt% of Manganese 
present in all Prichard examples, TiO = Titanium Oxide, Fe-Dol = Iron-rich Dolomite, Chl = Chlorite, Ill-Bio = Illite or Biotite, FeCaAlSiO = Iron 
Calcium Aluminosilicate 
§ X indicates presence of mineral.  Note that for these textural techniques, lack of an X does not necessarily mean absence of the mineral. 
#Textural techniques include X-ray absorption near-edge spectroscopy (XANES, Figure S6), X-ray Energy Dispersive Spectroscopy (EDS), 
Electron Back Scatter Diffraction (EBSD), and the Electron Probe Micro-Analyzer (EPMA, Table S3) 
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Table S3: Composition of Minerals from Select Samples of the Lower Belt Supergroup  
       
A. SULFIDES, OXIDES, SULFATES       
Sample GP12-1 GP12-1 GP12-1 GP12-8 GP12-8 GP12-8 
  
Location* GNP-East GNP-East GNP-East GNP-West GNP-West GNP-West 
  
Formation† App, Mbr 2 App, Mbr 2 App, Mbr 2 App 4/Prich App 4/Prich App 4/Prich Detection Limits 
(wt%)# Mineral§  Pyrite Goethite Fe-Sulfate Pyrrhotite Chalcopyrite Sphalerite 
Fe 1.011 1.065 1.671 0.896 0.501 0.098 0.052 
Cu -- -- -- -- 0.479 0.002 0.061 
Zn -- -- -- -- 0.002 0.900 0.081 
As -- -- -- -- -- -- 0.052 
Ti -- -- -- -- -- -- 0.012 
S 2.000 -- 1.091 1.000 1.000 1.000 0.013 
O -- 2.000 4.000 -- -- 0.292 0.098 
Elemental Sum (wt%) 98.822 93.065 94.206 99.244 97.668 104.005 
  
Number of grains 2 2 2 4 1 2 
  
Number of spots 4 6 3 9 2 3 
  
 
        
B. CARBONATES        
Sample GP12-1 GP14-35 GP14-27 GP14-35 GP14-27 T095-53 BS13-10A10  
Location* GNP-East GNP-East GNP-West GNP-East GNP-West WSS Townsend 
 
Formation† App, Mbr 2 App, Mbr 3 App, Mbr 5 App, Mbr 3 App, Mbr 5 Newld, Diss Lower Newld Detection Limits 
(wt%)# Mineral** Calcite Calcite Calcite Fe-Dolomite Fe-Dolomite Fe-Dolomite Dolomite 
Ca 0.978 0.976 0.974 1.028 1.184 1.019 1.031 0.010 
Mg 0.013 0.016 0.011 0.871 0.550 0.829 0.937 0.014 
Fe 0.009 0.008 0.015 0.101 0.265 0.152 0.033 0.033 
Oxide Sum (wt%) 98.406 102.191 100.000 95.552 100.000 87.341 96.047 
 
Number of grains 2 2 3 2 4 5 6 
 
Number of spots 4 4 7 5 10 7 8 
 
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
		
	
33 
                                                                 Table S3 (Continued) 
       
C. SILICATES        
Sample GP12-1 GP12-8 GP12-8 GP14-27 
  
  
Location* GNP-East GNP-West GNP-West GNP-West 
  
  
Formation† App, Mbr 2 App 4/Prich App 4/Prich App, Mbr 5 Detection Limits 
(wt%)#   Mineral†† Illite Illite Chlorite Chlorite   
Fe 0.256 0.176 1.824 2.245 0.036   
Mg 0.332 0.290 2.792 2.321 0.014   
Ca 0.009 0.001 0.004 0.012 0.010   
Al 2.114 2.343 2.396 2.528 0.019   
Ti 0.017 0.047 0.006 0.003 0.026   
Na 0.008 0.015 0.010 0.007 0.021   
K 0.911 0.891 0.012 0.004 0.010   
Si 3.368 3.236 2.882 2.809 0.018   
Oxide Sum (wt%) 95.296 95.036 85.270 85.158 
  
  
Number of grains 5 2 2 3 
  
  
Number of spots 10 3 6 10 
  
  
*Abbrevations: GNP-East = east side of Glacier National Park, GNP-West = west side of Glacier National Park, WSS = White Sulphur Springs 
†Abbreviations: App = Appekunny Formation, Mbr = Member also just designated by number, Prich = Prichard Formation, Newld = Newland Formation, Diss 
=Disseminated sulfide drill core 
§Formula for Sulfides, Oxides, and Sulfates normalized to either oxygen or sulfur in formula   
#Detection Limits averaged for all spectra based on elemental or oxide weight%, -- should be interpreted as no signal above detection limit 
** Calcite: cations per oxygen atom (less CO2); (Fe-)Dolomite: cations per 2 oxygen atoms (less CO2)  
††Illite: cations per 11 oxygen atoms (less H2O); Chlorite: cations per 14 oxygen atoms (less H2O)  
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Table S4: Elemental abundances from X-ray fluorescence microprobe for Belt Supergroup samples* 
Sample† Location† Formation† Fe (wt%) Ti (wt%) Mn (wt%) Cu (ppm) Zn (ppm) As (ppm)§ Pb (ppm)§ Ni (ppm) 
GP14-10, Reg1 GNP-East App, Mbr 1 (G) 4.68 0.192 -- 40.9 282 38.7 255 559 
GP12-1, Reg4 GNP-East App, Mbr 2 3.54 0.213 0.000056 21.7 143 40.1 -- 237 
GP14-35, Reg1 GNP-East App, Mbr 3 4.99 0.190 -- 27.1 229 36.9 242 565 
GP14-30, Reg1 GNP-East App, Mbr 4 3.06 0.183 -- 28.61 165 29.9 196 324 
GP14-33, Reg2 GNP-East App, Mbr 5 10.4 0.474 0.273 47.4 362 92.3 543 986 
GP12-8, Reg1 GNP-West Prich/App, Mbr 4 2.01 0.232 0.042 21.3 106 42.7 -- 131 
GP14-55, Reg1# GNP-West App, Mbr 4 10.3 0.147 0.235 161 570 752 5432 1513 
GP14-28, Reg1 GNP-West App, Mbr 5 8.74 0.339 -- 48.8 343 46.1 303 1011 
GP14-54, Reg1# GNP-West App, Mbr 5 5.44 0.150 -- 33.4 360 49 353 748            
Average Published Appekunny Formation Data** 2.59±0.55 0.294±0.045 0.037±0.024 12.4±11.0 58.3±18.3 2.57±1.41 8.03±4.53 22.6±8.33            
GP14-8, Reg1 GNP-East App, Mbr 1 (R) 8.74 0.474 0.224 46.4 340 96.6 569 813 
GP12-2, Reg1 GNP-East Grinnell 3.82 0.258 0.126 65.7 1310 101 593 363 
BS13-6, Reg1 WSS Spokane 3.56 0.269 0.217 59.9 249 9795 57699 390            
Average Published Grinnell Formation Data†† 3.26±0.925 0.316±0.030 0.068±0.113 4.52±4.29 58.8±20.6 4.90±2.53 12.3±4.22 20.4±4.86            
T095_38# WSS Newld, Diss. Core 3.41 0.049 0.365 41.1 423 155 1006 417 
T095_53# WSS Newld, Diss. Core 6.42 0.143 0.120 118 282 154 1114 875 
T112_334# WSS Newld, Diss. Core 4.70 0.048 0.372 47.5 71.4 115 828 691 
T112_384# WSS Newld, Diss. Core 4.33 0.109 0.071 40.9 232 108 697 540 
T029_56 WSS Newld, SZ Core 7.00 0.176 0.118 1153 318 924 5153 767 
T095_140.36 WSS Newld, SZ Core 18.2 0.483 0.386 101 229 1227 6921 1940 
T101_389 WSS Newld, SZ Core 8.89 0.189 0.155 3409 496 362 1646 987            
Average Published Newland Formation Data§§ 2.23±0.415 -- -- -- 110±105 -- -- --            
BS13-2, Reg1# WSS Chamberlain 12.3 0.231 0.247 139 300 84 560 1412 
BS13-13, Reg1# Townsend Greyson 6.38 0.209 0.132 85.9 341 124 802 65 
PP13-13, Reg2# Perma Prich, Unit F, 171m 4.21 0.104 0.0978 44.2 380 49.4 357 575 
PP13-11, Reg1# Perma Prich, Unit F, 25m 9.52 0.175 0.227 149 529 132 853 1300 
PP13-6, Reg1# Perma Prich, Unit F, 1.6m 3.95 0.086 0.088 37.3 228 65.1 471 496 
BS13-37, Reg1# Libby Prich, Trans Mbr 6.14 0.113 0.150 142 489 67.0 484 892 
BS13-31, Reg1# Hope Prich, Unit C 10.3 0.341 0.219 302 756 379 6481 1638 
BS13-29, Reg1# Sagle Pt Prich, Unit F 1.78 0.051 0.032 35.0 99.8 94.2 1545 270 
*For detailed explanation of methodology to produce this data see Slotznick et al. [2016].  X-ray fluorescence maps used for calculations are in Figures S7-10 and Slotznick et al. [2015]. 
†Reg = scanned region on thin or thick section, GNP-East = East side of Glacier National Park, GNP-West = West side of Glacier National Park, WSS =White Sulphur Springs, Ck = Creek, Pt = Point, App = 
Appekunny Formation, Mbr = Member, Newld = Newland Formation, Prich = Prichard Formation,  
§As and Pb energy windows overlap in XRF so most samples are a mixture of these two minerals, each calculation assumes the channel is solely for As or Pb.  -- when Pb standard not run for calculations 
# Thick section (3-8.5 mm) instead of thin section (20-30 μm); since homogeneous correction is made assuming same material across entire depth this could lead to larger error in calculation 
** Data from silt and claystones of González-Álvarez et al. [2006] and González-Álvarez and Kerrich [2010] averaged with 1 population standard deviation, n= 16 for Fe, Ti, Mn, As, and Ni, n = 12 for Cu and 
Zn 
†† Data from silt and claystones of González-Álvarez et al. [2006] and González-Álvarez and Kerrich [2010] averaged with 1 population standard deviation, n= 10 for Fe, Ti, Mn, As, Pb, and Ni, n = 6 for Cu 
and Zn 
§§ Data from SC93 drill core samples of Planavsky et al. [2011] averaged with 1 population standard deviation, n=7.  Note Zn was measured as a proxy for alteration and one can see from our data that it is 
not an important mineral signaling secondary mineralization 
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Table S5: Hysteresis magnetic parameters for dominantly magnetite-bearing Belt Supergroup samples with calculated 
magnetite content 
Sample Location* Formation, 
Details* 
Ms 
(Am/kg) 
Mr 
(Am/kg) 
Hc 
(mT) 
Hcr 
(mT) 
Magnetite 
(ppm) 
GP14-10 GNP-East Appekunny, Mbr 1 0.000225014 2.13434E-05 10.3396 39.571 2.4458 
GP12-1 GNP-East Appekunny, Mbr 2 0.000470666 5.21753E-05 12.4585 52.9032 5.1159 
GP14-11 GNP-East Appekunny, Mbr 2 0.00018216 2.01237E-05 12.8275 36.0801 1.9800 
GP14-34 GNP-East Appekunny, Mbr 3 0.000476883 2.13196E-05 7.72136 42.1604 5.1835 
GP14-35 GNP-East Appekunny, Mbr 3 0.000720169 0.000031621 5.74438 38.8214 7.8279 
GP14-29 GNP-East Appekunny, Mbr 4 0.000337311 1.17617E-06 5.03967 45.2754 3.6664 
GP14-30 GNP-East Appekunny, Mbr 4 0.000337506 2.61416E-05 11.3329 40.2592 3.6685 
GP14-32 GNP-East Appekunny, Mbr 5 0.000184434 1.04356E-05 11.741 38.6041 2.0047 
GP14-33 GNP-East Appekunny, Mbr 5 0.00038637 1.28502E-05 5.65243 44.5852 4.1997 
GP14-54 GNP-West Appekunny, Mbr 5 0.000191623 -1.17473E-07 2.57526 55.7777 2.0829 
BS13-1 WSS Chamberlain 0.000120955 1.20091E-05 8.54055 37.0† 1.3147 
BS13-2 WSS Chamberlain 0.000381684 1.51018E-05 4.83784 40.1† 4.1487 
T112_334 WSS Newland, Diss. Core 0.000145519 9.00742E-06 6.9962 47.2† 1.5817 
T112_345 WSS Newland, Diss. Core 0.000263676 3.32256E-05 11.9087 47.3916 2.8660 
T112_384 WSS Newland, Diss. Core 0.000174942 2.51843E-07 0.465604 36.0557 1.9015 
T095_53 WSS Newland, Diss. Core 0.000414195 5.12036E-05 12.2904 42.3† 4.5021 
T095_63 WSS Newland, Diss. Core 0.000263349 4.17803E-05 10.2505 46.0† 2.8625 
T029_61.08 WSS Newland, USZ Core 0.000088051 1.18154E-05 6.93643 45.8162 0.9571 
T029_61.21 WSS Newland, USZ Core 0.000108826 1.62341E-05 13.2581 44.2799 1.1829 
T100_407 WSS Newland, LSZ Core 0.000420261 6.85198E-06 1.37417 63.1387 4.5681 
BS13-9 WSS Greyson 0.00028543 2.21245E-05 11.9577 39.2776 3.1025 
BS13-29 Sagle Pt Prichard, Unit F 0.00038247 4.47785E-05 22.0431 47.4701 4.1573 
BS13-34 Libby Burke 1.14258 0.0125691 1.9211 26.3241 1.2419%§ 
Note: Ms is saturation magnetization, Mr is remanent saturation magnetization, Hc is coercivity, and Hcr is coercivity of remanent 
magnetization (using direct current demagnetization method).  Magnetite content is calculated following Klein et al. [2014] by 
dividing the Ms by the Ms value for pure magnetite (92 Am2/kg). 
*Abbreviations: GNP = Glacier National park, WSS = White Sulphur Springs, Pt = Point, Mbr = Member, Diss. = Disseminated 
Iron Sulfides, USZ = Upper Sulfide Zone, LSZ =Lower Sulfide Zone 
†Measured on 2G SQuID Magnetometer on neighboring slice instead of on VSM like all other measurements. 
§Note: This is in weight percent as opposed to ppm like the rest of the data. 
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